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By 
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INTRODUCTION 


In  the  manufacture  of  starch  from  sweetpotatoes,  as  from  other  sources, 
factory  operations  require  frequent  estimations  of  the  concentration  of 
aqueous  starch  suspensions,  or  slurries,  by  means  of  a  Baume  hydrometer. 
Producers  of  grain  and  tuber  starches  have  long  followed  this  procedure, 
and  have  used  special  tables  to  convert  observed  Baume  readings  to  terms 
of  equivalent  starch  concentration.    When  commercial  production  of  sweet- 
potato  starch  was  undertaken  in  the  factory  which  operated  at  Laurel, 
Mississippi,  from  1934-  through  conversion  tables  based  on  other 

starches  were  utilized.    Later  the  importance  of  using  tables  which  are 
based  on  the  particular  starch  under  study  and  which  give  consideration 
to  the  effect  of  slurry  temperature  was  shown  by  Cleland  et  al.  (2)  who 
presented  the  first  Baume- starch  tables  published  in  this  country. 
Therefore,  since  there  were  no  such  data  specifically  applicable  to 
sweetpotato  starch,  nor  readily  adaptable  for  use  at  different  slurry 
temperatures  within  the  15°C  -  50°C.  range  of  temperature  extremes 
encountered  in  factory  and  experimental  operations,  the  present  study 
was  undertaken. 


METHODS 

The  relation  between  Baume  and  starch  concentration  for  a  given  starch 
may  be  determined  approximately  in  a  simple  way  by  making  Baume  hydrome- 
ter measurements  on  a  series  of  starch  suspensions  containing  various 
known  weights  of  starch  per  unit  volume.    Since  a  change  in  slurry 
temperature  changes  this  relationship  a  series  of  Baume  readings  and 
starch  determinations  must  be  made  at  each  of  several  different  tempera- 
tures within  the  temperature  range  under  consideration.    A  more  accurate 
procedure  by  Cleland  et  al.  (2)  involved  the  use  of  a  pycnometer  for 
determining  the  density  of  starch-water  slurries  whose  starch  concentra- 
tion at  the  temperature  of  the  determination  was  known.  Observed 
density,  expressed  as  Baume,  was  then  correlated  with  starch  concen- 
tration in  each  case.    For  convenience  in  the  tabulation  of  data, 
however,  these  investigators  used  a  series  of  factors  based  on  the 
change  in  Baume  of  water  with  a  change  in  temperature  since  such 
results  were  found  to  agree  closely  with  those  obtained  by  the  more 
tedious  pycnometer  procedure.    In  the  present  study  it  was  decided 
that  the  necessary  Baumi-starch  data  could  be  quickly  and  conveniently 
obtained  by  direct  computations  based  on  the  densities  of  the  two 
components  of  the  slurry,  namely,  water  and  sweetpotato  starch. 

Reference  tables  showing  the  specific  gravity  equivalent  of  Baume 
for  liquids  or  suspensions  having  a  density  greater  than  unity  are 
available.    These  tables,  and  also  the  Baume  hydrometer  used  in 
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the  United  States,  are  based  on  a  formula  which  states  that  at  *f 

60°F. 

(A)  Specific  Gravity  =   145  -  ,  or 

145  -  Be 

(B)  Be  =  U5  (1  -  Specific  Gravity)* 

Specific  gravity  at  60°F.  may  be  converted  to  terms  of  density  by  multiplying 
by  the  density  of  water  at  60°F.,  and  specific  gravity  referred  to  some  other 
temperature  may  also  be  converted  to  density  by  multiplying  by  the  density  of 
water  at  that  temperature.    Thus  density  equivalent  to  Baume  is  easily  ascer- 
tained, and  since  Baume  is  simply  an  arbitrary  expression  for  density  the 
relation  between  a  given  Baume  value  and  its  corresponding  density  remains 
constant  independently  of  slurry  temperature.    This  indicates  that  even 
though  the  Baume  hydrometer  is  standardized  for  use  at  60°F.  it  may  be 
adapted  to  measurements  at  other  temperatures. 


Baume-Starch  Data  at  15°C. 

The  apparent  density  of  sweetpotato  starch  in  aqueous  suspension  was  determined 
in  another  study  (1)  and  found  to  be  1.633  at  25°C. 

The  concentration  of  sweetpotato  starch  equivalent  to  each  degree'  Baume  at  l°Be 
intervals  between  0°Be  and  25°Be  was  computed  for  a  suspension  temperature  of 
15°Co  as  follows.    Using  reference  tables  to  obtain  Baume -specific  gravity 
values  at  60°F.,  for  this  range  in  Baume,  the  density,  expressed  in  grams  per 
liter,  corresponding  to  each  Baume  was  found  as  mentioned  above.  (Although 
the  reference  data  are  for  a  temperature  of  60°F.,  or  15.5°C.,  they  were  here 
used  for  15«0°C.,  the  error  involved  being  insignificant).    Thus,  for  water, 
which  has  a  density  of  0.99913  g.  per  ml.  at  15°C  (Table  1)  and  a  specific 
gravity  referred  to  15°C.  of  1,000,  the  density  in  grams  per  liter,  is  999.13. 
Taking  the  density  of  sweetpotato  starch  as  1.633,  the  density  of  water  as 
0.99913  g.  per  ml.,  and  unit  suspension  volume  as  1000  ml.  all  at  1$°C.  let 

X  =  ml.  volume  of  starch  per  unit  volume  of  suspension 

1000  -  X  =  ml.  volume  of  water  per  unit  volume  of  suspension 


Table  1.    Absolute  Density  of  Water  at  Indicated  Temperatures 

Temperature  Density 

°C  g./ml. 

15  -  0.99913 

20  0.99820 

25  0.99707 

30  0.99567 

35  0.99406 

40  0.99224 

45  0.99025 

50  0.98807 
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Then: 

X (1.633)  +  (1000  -  X)  0.99913  =  weight  of  1  liter  of  starch 

and  water  suspension 

Aids 

X  =  (Wt.  of  1  liter  of  suspension)  -  999.13 

0.634 

Since:    Volume  x  Density  =  Weight 

X  x  1.633  =  Wt.  starch  per  liter 
And: 

Grams  starch  per  liter  =  [(Wt.  of  1  liter  of  suspension)  - 

999.13]  2.5737. 

The  values  for  "Grams  starch  per  liter"  were  converted  to  "Percent  starch  by 
weight"  by  means  of  the  equation: 

Percent  starch  =  Grams  starch  per  liter   x  100,  and  to  "Pounds  starch 

Wt.  of  1  liter  of  suspension 

per  gallon"  by  the  equation: 

Pounds  starch  per  gallon  -  Grams  starch  per  liter  x  0.008345. 

The  results  obtained  are  given  in  Table  3- A  under  the  temperature  column  headed 
15°C. 

In  order  to  check  the  validity  of  the  computed  Baume- starch  data  a  series  of 
aqueous  suspensions  of  starch  containing  known  weights  of  sweetpotato  starch 
per  liter  at  15°C.  were  prepared.    The  suspensions  were  maintained  at  15°C.  and 
the  Baume  of  each  was  carefully  measured.    In  every  case  the  observed  Baume  was 
in  excellent  agreement  with  the  theoretical  or  expected  value.    Further,  it 
was  noted  that  the  calculated  starch  values  agreed  almost  perfectly  with  those 
of  Cleland  et  al.  (2)  for  corn  starch  which  had  a  density  of  1.636  at  15.5°C. 

Bauafe-Starch  Data  Above  15°C. 

It  was  desired  to  obtain  additional  Baume-starch  data  of  this  type  for  inter- 
preting hydrometer  measurements  made  at  temperatures  above  15°C.    In  order  to 
do  this,  consideration  was  given  to  the  fact  that  starch  suspensions  consist 
of  two  principal  components,  starch  and  water.    Obviously  both  components 
increase  in  volume,  or  decrease  in  density,  with  an  increase  in  temperature. 
The  density  of  water  at  different  temperatures  between  15°C.  and  50°C.  is 
shown  in  Table  1.    No  such  information  concerning  sweetpotato  starch,  or  any 
other  starch,  was  available,  however,  so  preliminary  determinations  of  the 
density  of  sweetpotato  starch  at  several  temperatures  other  than  25°C.  were 
made.    Using  these  densities  and  the  data  in  Table  1  a  series  of  Baume-starch 
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concentration  values  for  each  slurry  temperature  were  computed.    On  the  other 
hand,  additional  calculations  were  made  by  using  an  unvarying  figure  of  1.633 
for  starch  density,  and  thus  giving  no  consideration  to  the  effect  of  tempera- 
ture on  starch  density.    The  results  obtained  by  the  two  procedures  of  compu- 
tation were  compared  in  order  to  determine  whether  thermal  effects  on  starch 
density  might  be  disregarded,  since  the  net  effect  upon  Baume-starch  relations 
produced  by  changes  in  starch  density  was  expected  to  be  of  small  magnitude. 
This  expectation  was  proved  valid  by  the  comparison;  for  example,  in  the  case 
of  a  slurry  at  15°Be  and  40°C.  the  value  for  percent  starch  by  weight  obtained 
on  the  basis  of  a  starch  density  value  determined  at  40°C.  was  28.17  compared 
to  27.93  found  by  the  second  computation  procedure.    The  close  agreement 
between  results  obtained  by  the  two  procedures  indicated  that  the  error 
induced  by  failing  to  allow  for  changes  in  starch  density  with  changes  in 
temperature  was  small.    Further,  the  error  was  within  the  limits  of  accuracy 
required  for  use  of  the  computed  data  under  factory  conditions,  and  also  is 
even  less  than  the  single  error  inherent  to  reading  the  Baume  hydrometer  in 
starch  slurries  under  such  conditions.    Accordingly,  in  order  to  facilitate 
calculations,  no  allowance  for  starch  density  changes  was  made,  and  the  pre- 
viously established  value  for  sweetpotato  starch  density  of  1.633  at  25°C. 
was  accepted  as  being  valid  for  all  slurry  temperatures. 

Baume-starch  concentration  data  for  slurries  at  temperatures  above  15°C.  were 
computed.    For  this  purpose  it  was  assumed  as  a  hypothetical  case  that  a 
1-liter  volume  of  starch-water  suspension  having  a  specified  original  Baume 
at  a  temperature  of  15°C.  was  adjusted  successively  to  a  number  of  higher 
temperatures.    The  original  Baume  values  considered  were  0°  (water),  5°,  10°, 
15°,  20°,  and  25°,  and  the  temperatures  were  20°,  25°,  30°,  35°,  40°,  45°, 
and  50°C.    With  the  aid  of  the  data  in  Table  1  showing  density  of  water  at 
each  temperature,  and  the  data  for  Baume  versus  starch  concentration  at  15°C., 
the  expected  or  theoretical  Baume-starch  relationships  ultimately  prevailing 
at  other  temperatures  were  ascertained  in  the  manner  described  in  the  follow- 
ing paragraphs. 

To  find  the  theoretically  correct  Baume  of  water  at  the  various  temperatures 
in  question  the  values  in  Table  1  for  density  of  water  were  converted  to  terms 
of  "Specific  gravity  at  15°C."  by  dividing  each  by  the  density  of  water  at 
15°C.    Each  specific  gravity  value  was  then  substituted  in  formula  (B)  above 
to  obtain  the  Baume  values  for  water  given  in  Table  2. 

Table  2.    Computed  Baume  and  Percent  Starch  by  Weight  Values  Showing  the 
Effect  of  Temperature  on  Water  and  on  Starch-Water  Suspensions 
Having  the  Specified  Original  Baume  Values  and  Percent  Starch 
Contents 


Original         Percent   Baume  at  Indicated  Temperatures 


Baume  at 
15°C. 

Starch  . 
(at  15°C.)*^ 

20°C. 

25°C. 

30°C. 

35°C. 

40°C. 

45°C. 

50°C. 

0.00  (water) 

0.00 

-0.13 

-0.29 

-0.49 

-0.74 

-1.00 

-1.29 

-1.61 

5.00 

8.85 

4.89 

4.73 

4.52 

4.32 

4.07 

3.80 

3.51 

10.00 

17.75 

9.89 

9.76 

9.58 

9.38 

9.16 

8.93 

8.64 

15.00 

26.62 

14.91 

14.78 

14.64 

14.46 

14.26 

14.05 

13.81 

20.00 

35.50 

19.91 

19.81 

19.68 

19.53 

19.35 

19.17 

18.95 

25.00 

44.37 

2^.92 

24.82 

24.71 

24.58 

24.43 

24.27 

24.08 

1/  These  percent  starch  figures  are  also  valid  for  the  other  specified 
temperatures. 
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It  should  be  pointed  out  that  water  at  15°C.  (correctly  15.5°C.)  has  a 
Baume  of  zero;  so,  since  an  increase  in  temperature  decreases  Its  density, 
the  Baume  of  water  at  temperatures  above  15°C.  necessarily  becomes  a  nega- 
tive value. 

In  the  case  of  a  starch-water  suspension  of  given  original  Baume  at  15°C., 
the  Baume  which  it  should  have  if  warmed  to  any  specified  higher  temperature 
was  found  by  substituting  approrpiate  data  from  Table  1  and  Table  3- A  in  the 
following  schedule,  with  D,  V,  Tt,  G,  and  b  being  constants  in  all  cases. 
Each  series  of  computations  yielded  a  single  Baume  value  and  its  corres- 
ponding percent  starch  value. 


Let: 

D  =  starch  density,  1.633 

V  =  unit  suspension  volume,  1000  ml. 

Tq=  original  suspension  temperature,  15°C. 

T2=  one  of  the  higher  suspension  temperatures  specified 

in  Tables  3- A  and  3-B. 
G  3  0.99913,  the  density  of  water  at  15°C. 

Then,  expressing  volumes  in  milliliters  and  weights  in  grams,  we  have: 

a  =  3aume  of  original  suspension 

b  =  vol.  of  original  suspension 

c  =  wt.  of  starch  in  original  suspension 

d  -  vol.  of  starch  in  original  suspension  3  £ 

e  =  vol.  of  water  in  original  suspension  =  b  -  d 

f  =  wt.  of  e.  ml.  at  T^  3  e  x  G 

g  3  absolute  density  of  water  at  T2 

h  =  vol.  of  water  in  total  expanded  suspension  =  £ 

g 

i  =  increase  in  suspension  volume  3  h  -  e 

j  =  vol.  of  thermally  expanded  suspension  at  T2  3  b  +  i 

k  =  wt.  starch  in  1  liter  of  the  suspension  at  T2  3  (c  x 

1  *  vol.  of  k  gms.  of  starch  *  £ 

D 

m  3  vol.  water  in  1  liter  of  the  suspension  at  T2  *  V  -  1 
n  =  wt.  of  m  ml.  water  at  T2  *  m  x  g 
o  =  wt.  of  1  liter  of  the  suspension  at  T2  =  k  +  n 
p  =  absolute  density  of  the  suspension  at  To  *  £ 

*  V 

q  =  specific  gravity  of  the  suspension,  referred  to  15°C.  *  £ 

r  *  computed  Baume  of  the  suspension  at  T?  *  145  (1  -  -  ) 

8  3  percent  starch  by  weight  in  the  suspension  at  To  3  -  x  100. 

ft 
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RESULTS 

The  computed  values  for  Baume  and  percent  starch  obtained  by  the  foregoing 
procedure  are  summarized  in  Table  2. 

Table  2  shows  the  Baume  which  will  be  attained  by  each  slurry  of  given 
original  Baume  if  the  slurry  temperature  is  increased  to  the  indicated 
levels.    It  will  be  noted  that  both  for  water  and  for  starch-water  slurries 
the  change  in  Baume  per  5°C.  increase  in  temperature  is  greatest  at  higher 
temperatures,  and  also  is  greater  for  dilute  slurries  than  for  the  more 
concentrated  ones.    Both  of  these  trends  merely  reflect  the  effect  of  tem- 
perature upon  the  density,  or  Baume,  of  water. 

It  is  apparent  that  if  attained  Baume  in  each  case  is  subtracted  from  origi- 
nal Baume  the  date  in  Table  2  would  yield  a  series  of  Baume  correction  fac- 
tors of  the  type  given  by  Cleland  et  al.  (2). 

A  large-scale  graph  based  on  the  data  in  Table  2  was  constructed  on 
rectangular-coordinate  paper,  with  Baume  plotted  on  an  abcissa  scale  of 
1  inch  =  1° Baume  and  percent  starch  on  an  ordinate  scale  of  one-half  inch  = 
1  percent  starch.    Suspension  temperature  was  the  third  variable.    A  recti- 
linear relationship  exists  between  the  first  two  variables  so  a  family  of 
straight  lines  was  obtained ,  with  a  separate  line  for  each  temperature. 
From  this  graph  the  percent  starch  values  given  in  Tables  3- A  and  3-B  were 
read  directly  with  the  aid  of  a  hand  lens.    With  regard  to  the  other  data 
in  these  tables,  the  values  for  grams  starch  per  liter  were  found  by  multi- 
plying weight  of  1  liter  of  suspension  by  percent  starch;  and  values  for 
pounds  starch  per  gallon  were  obtained  by  multiplying  grams  starch  per  liter 
by  the  factor  0. 00834-5 ♦    All  starch  values  refer  to  moisture-free  starch. 

In  Tables  3-A  and  3-B  the  indicated  relationships  between  Baume  and  weight 
of  1  liter  of  suspension  are  valid  for  all  suspension  temperatures  since 
the  weight  values  actually  are  density  values  expressed  in  grams  per  liter* 
To  use  these  tables  for  converting  Baume  hydrometer  readings  to  terms  of 
starch  concentration  select  the  column  group  whose  temperature  heading 
agrees  most  closely  with  the  temperature  of  the  suspension  in  question. 
If  the  observed  Baume  is  a  whole  number,  locate  this  Baume  value  in 
the  table.    Then,  horizontally  opposite  the  Baume  figure  find  in  the 
selected  column  group  the  starch  concentration  expression  sought.    If  the 
observed  Baume  is  a  fraction,  interpolate  between  the  proper  starch- 
concentration  values. 

Tables  3-A  and  3-B  were  also  used  in  laboratory  studies  on  the  acid- 
modification  of  sweetpotato  starch  as  an  aid  in  the  preparation  of  sweet- 
potato  starch-water  suspensions  which  would  possess  certain  desired  Baumes 
at  chosen  suspension  temperatures.    This  use  may  be  illustrated  by  the 
following  example:    Suppose  that  it  is  desired  to  prepare  one  liter  of 
suspension  whose  Baume  will  be  5*0°  at  a  suspension  temperature  of  40°C. 
The  table  shows  that  such  a  suspension  will  weigh  1034*8  grams  and  contain 
108.3  grams  of  starch  (moisture-free  weight).    Therefore  the  weight  of 
water  required  will  be  1034.8  -  108.3  or  926.5  grams,  so  if  a  suspension 
consisting  of  108.3  grams  of  starch  and  926.5  grams  of  water  (including 
starch  moisture)  is  adjusted  to  a  temperature  of  40°C.  it  will  have  a 
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Baume  of  5*0°  and  a  volume  of  exactly  one  liter.    In  practloe  an  allowance 
must  of  course  be  made  for  the  weight  of  water  present  as  moisture  in  the 
starch  sample  taken. 

Experimental  Verification  of  Computed  Data 

It  was  previously  mentioned  that  in  Tables  3- A  and  3-6  the  percent  starch 
values  for  suspensions  of  a  given  temperature  above  15°C.  were  all  read  from 
the  same  straight  line  on  a  graph  and  each  suspension  temperature  was  repre- 
sented on  this  graph  by  a  different  straight  line.    Then,  in  order  to  prove 
that  the  percent  starch  values  taken  from  a  single  straight  line  are  correct 
it  was  only  necessary  to  prove  that  the  position  and  slope  of  the  line  were 
correct.    This  could  be  accomplished  by  experimentally  verifying  the  correct- 
ness of  two  points  or  values  on  that  line.    (Since  the  three  expressions  for 
starch  concentration,  namely,  percent  starch,  grams  per  liter,  and  pounds  per 
gallon  are  mutually  equivalent  in  each  case,  then  if  one  expression  such  as 
grams  per  liter  is  found  valid  the  other  two  will  likewise  be  valid).    To  do 
this  the  tabular  data  were  used  in  the  manner  described  for  acid  modification 
studies.    Two  suspensions  of  different  starch  concentration  were  prepared  for 
Baume  measurement  at  one  temperature,  one  suspension  being  expected  to  have  a 
Baume  of  5.0°  and  the  second  a  Baume  of  15. 0°.    Eight  such  pairs  of  suspensions 
were  prepared,  one  pair  for  each  of  the  eight  suspension  temperatures.  The 
test  suspensions  were  made  up  on  a  weight  basis,  using  the  appropriate  values 
from  the  tables  for  grams  per  liter  and  weight  of  1  liter  of  suspension  and 
working  with  sweetpotato  starch  of  known  moisture  content.    The  weighed 
quantities  of  starch  and  water  were  mixed  for  1  hour  with  a  mechanical  stirrer 
to  insure  disintegration  of  aggregates  and  complete  wetting  of  the  starch. 
The  slurry  was  transferred  to  a  hydrometer  cylinder,  placed  in  a  constant 
temperature  bath,  and  the  slurry  carefully  agitated  by  means  of  a  metal  rod 
bearing  a  perforated  disk  at  its  lower  end.    When  the  slurry  reached  the 
desired  temperature  a  Baume  measurement  was  made  with  an  accurate  hydrometer. 
The  average  of  three  successive  readings  was  taken  as  the  observed  Baume  of 
that  slurry. 

The  observed  Baume  of  each  test  suspension  agreed  with  the  theoretical  or 
expected  Baume  within  0.2°Be  in  every  case.    This  excellent  agreement  indicates 
that  the  computed  data  in  Tables  3-A  and  3-B  are  correct,  and  the  table  may 
therefore  be  used  for  converting  the  results  of  Baume  hydrometer  measurements 
to  terms  of  starch  concentration. 

Thus  far  no  mention  has  been  made  of  correcting  for  thermal  expansion  of  the 
hydrometer  nor  of  correcting  for  meniscus  error.    The  former  type  of  error  is 
small  in  magnitude,  usually  being  equivalent  to  less  than  0.1°Be,  and  accord- 
ingly need  not  be  considered.    Meniscus  error,  reported  elsewhere  (2)  as  0.08° 
Be,  appeared  in  this  study  to  be  approximately  0,1 °Be  in  most  cases,  and  was 
greatest  in  highly  concentrated  slurries.    This  error,  however,  was  also  dis- 
regarded because  it  is  no  greater  than  the  error  inherent  to  reading  a  hy- 
drometer in  the  average  frothy  slurry  under  factory  conditions.    In  general, 
hydrometer  measurements  are  satisfactory  if  accurate  to  within  0.2°  Baume. 


-  8  - 


SUMMARY 

4  method  for  computing  Baume-starch  concentration  data  for  aqueous  suspenaiona 
of  sweetpotato  starch  is  described.    The  computations  are  based  on  a  determined 
value  for  the  density  of  sweetpotato  starch  and  on  the  known  relationship 
between  density  of  water  and  temperature*    A  master  table  showing  computed 
relationships  between  Baume,  starch  concentration,  and  suspension  temperature 
for  each  degree  Baume  between  0°  and  25°Be  and  for  suspension  temperatures  at 
5°C.  intervals  between  15°C.  and  50°C.  inclusive  is  presented.    The  table  is 
suitable  for  both  starch  factory  and  laboratory  use  for  interpreting  Baume 
hydrometer  readings  in  terms  of  starch  concentration.    The  validity  of  the 
computed  data  is  verified  experimentally. 
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